Background: Studies on adults have shown increased dispersion of QT and corrected QT (QTc), peak-to-end interval of the T wave (Tp-e), Tp-e/QT ratio, and Tp-e/QTc ratio in subclinical hypothyroidism (SH), but there have been no pediatric studies.
INTRODUCTION
In subclinical hypothyroidism (SH), the thyroid-stimulating hormone (TSH) level is higher than normal with no clinical findings and, in contrast, the free level of thyroxine (fT4) is normal. In adults, the prevalence has been reported as 1-12.4%, increasing with age. Much less research has been conducted on children and adolescents and therefore the data related to prevalence is variable, but has been reported as 1.7-9.5%. 1 Despite some reports that patients with TSH > 10 mIU/L should be treated, there is no consensus as yet on the subject of whether or not treatment is necessary. [1] [2] [3] Evident hypothyroidism is known to affect the heart electrophysiology. [4] [5] [6] [7] However, despite these findings in patients with evident hypothyroidism, there are very few studies which have evaluated the effects of SH on the heart electrophysiology. Those which have been conducted have shown that QT, QT dispersion (QTd), and corrected QT dispersion (QTcd) are increased in adult SH patients. 3, 8, 9 The mechanism of the cardiac effect in these patients is a matter of debate.
It has been reported that cardiac K + and L-type Ca ++ channels are affected related to serum T3 and T4 in hypothyroid patients and, as a result, repolarization anomalies develop. 4, 10, 11 The Tp-e interval, which is the distance between the T-wave peak and the end of the T-wave, is considered as the transmural dispersion index of ventricular repolarization. In addition, the Tp-e/QT and Tp-e/QTc ratio can be used as predictors of ventricular arrhythmogenesis. 12, 13 However, as cardiac electrical activity has been shown to be affected in SH patients with normal serum T3 and T4 levels, it has been considered that this effect could be associated with TSH. 4, 8 The aim of this study was to evaluate the relationship between SH and increased QTd, corrected QT (QTc), Tp-e, Tp-e/QT ratio, and Tp-e/QTc ratio which has already been shown in adults, in pediatric SH patients.
MATERIALS AND METHODS

Study population
The study included 40 patients diagnosed with SH at the Paedi- 
Electrocardiographic evaluation
Surface ECGs with 12 derivation were obtained using a Nihon Kohden Cardiofax M ECG-1350K, 12-channel electrocardiograph unit (Nihon Kohden, Tokyo, Japan). The ECG was taken at 25 mm/sec speed and 10 mm/mV calibration. Then, the heart rate, shortest QT distance (QTmin), longest QT distance (QTmax), Tp-e interval, Tp-e/QT ratio, and
Tp-e/QTc ratio were measured. The QT interval was accepted as the distance from the starting point of the QRS complex to the finishing point of the T wave. Measurements were not taken in ECG leads where the finishing point of the T wave could not be selected. For each derivation, three consecutive QT distances were measured and the mean was calculated. QTd was calculated as the difference between the shortest and the longest QT distance in each derivation. QT values corrected according to heart rate were calculated with the Bazett formula. 14 After these calculations, the shortest QTc (QTcmin) and the longest QTc (QTcmax) were calculated. The corrected QTc dispersion values (QTcd) were calculated as the difference between the shortest and the longest QTc values in each derivation. Measuring from the peak of the T wave to the end of T wave provided the Tp-e interval, which was defined as the intersection of the isoelectric line with the tangent to the downslope of the T wave. All the measurements were taken using magnification and a manual ruler by two observers blinded to the study. Intraobserver and interobserver variability for the QTd measurements was determined as <5%.
Statistical analysis
Statistical analyses of the data obtained in the study were made using IBM SPSS 21.0 for Windows statistics software (IBM Corp., Armonk, NY, USA). Measured variables were stated as mean ± standard deviation, and categorical variables as number (n) and percentage (%).
Conformity to normal distribution of the data was examined. In the comparison of two selected groups showing normal distribution, the Student's t-test was used and in the comparison of two groups not showing normal distribution, the Mann-Whitney U-test. The 2 test analysis was applied for the comparison of qualitative variables between groups. The relationships between numerical variables were evaluated with Pearson's correlation analysis. The hypotheses were two-way and a value of P < 0.05 was accepted as statistically significant.
RESULTS
The mean age was determined as 7.91 ± 3.6 years (median 7 years, range 3.6-15 years) in the patient group, and 8. Table 1 .
In the SH group, TSH was determined to be statistically significantly higher (P < 0.001) and the fT3 and fT4 levels were similar. The QTmin length was determined to be statistically significantly lower in the SH group (P < 0.001), and the QTcmax, QTd, QTcd values, Tp-e, Tp-e/QT ratio, and Tp-e/QTc ratio were statistically significantly higher (P = 0.028, P < 0.001, P = 0.003, P > 0.001, P = 0.001, P > 0.001, respectively). The QTmin, QTmax, QTcmin, QTcmax, QTd, QTcd, Tp-e, Tp-e/QT ratio, and Tp-e/QTc ratio values of both groups are shown in Note: Data are given as mean ± standard deviation. BMI = body mass index; DBP = diastolic blood pressure; fT4 = free thyroxine; fT3 = free triiodothyronine; HR = heart rate; SBP = systolic blood pressure; SH = subclinical hypothyroidism; TSH = thyroid-stimulating hormone. Tp-e/QTc ratio 0.17 ± 0.02 0.15 ± 0.03 0.001
TA B L E 2
Note: Data are given as mean ± standard deviation and median (range). QTc = corrected QT; Tp-e = peak-to-end interval of the T wave; SH = subclinical hypothyroidism.
While QTd showed a positive correlation between age, body weight, and height, QTcd showed a negative correlation between age, body weight, and height, but these correlations were not of a significant 
DISCUSSION
Although there are studies of adult patients which have shown a relationship between increased QT, QTc, QTd, QTcd, and Tp-e interval and increased cardiovascular disease and cardiac mortality, there are also publications that have shown that cardiac mortality is not affected by increased QTd. [15] [16] [17] [18] In pediatric patients, such a relationship has not yet been proven and so there is a need for more studies with longer follow-up periods to provide a better understanding of the clinical importance of an increase in QT, QTc, QTd, QTcd, Tp-e, Tp-e/QT ratio, and Tp-e/QTc ratio. Despite the many studies that have evaluated the increase in QT, QTc, QTd, QTcd, and Tp-e, which values are normal and which are pathological is still a matter of debate. In two studies which evaluated the relationship between SH and repolarization disorder, one measured QTd and QTcd in SH patients as 54.2 ± 8.2 ms and 56.3 ± 7.4 ms, respectively, 8 while the other determined QTcd as 100 ± 30 ms in SH patients. 3 When the Tp-e interval is >85 ms, this has been defined as increased Tp-e interval. 18 Gürdal et al. 19 determined the Tp-e interval to be 87 ± 5 ms in adults with SH. It remains controversial as to which QTc, QTd, QTcd, and Tp-e values increase the risk of cardiac disease. Okin et al. 16 showed that QTc > 46 ms increased the risk of cardiac mortality by 2.6-fold and QTd > 58 ms was reported to increase cardiac mortality by twofold. In a study by de Bruyne et al., 15 QTcd > 59.6 ms was reported to be reflected in an increase of 2.1-fold in cardiac death risk compared to those with QTcd < 39.0. Hetland et al. 20 showed that there was a greater frequency of arrhythmic events in patients with Tp-e interval > 100 ms after myocardial infarct.
As there is no consensus on the reference limits of QTd, QTcd, and Tp-e, it is difficult to determine which QTd, QTc, and Tp-e values are pathological and which values reflect an increased risk of cardiac disease or at what TSH level QTd has started. In the current study, QTd, QTcd, and Tp-e were determined as 38.00 ± 12.77 ms, 58.73 ± 29.23 ms, and 75.95 ± 11.87 ms, respectively, in children with SH, and these values were found to be statistically significantly higher compared to those of an age and gender-matched control group.
No statistically significant correlation was determined between QTd, QTcd, Tp-e, and age and gender in the current study. The relationship between dispersion and age and gender is controversial in the literature. While there are studies which have reported that dispersion is not affected by age and gender, others have reported that values are higher in males and are affected by age. [21] [22] [23] [24] A study by Galetta et al. 8 was the first to show that QTd was increased in SH. In that study, an increase in QTd was determined in 42 adult patients diagnosed with SH, a positive relationship was determined between QTd and QTcd and TSH and these relationships were shown to recover following treatment with L-thyroxine. In another study by Bakiner et al., 3 which evaluated QTd in SH patients, QTcd was seen to be statistically significantly increased in 58 female patients and this was shown to be significantly correlated with TSH levels. In addition, this increase was greater in patients with TSH > 10mIU/L, and with a return to normal TSH levels, the QTcd was seen to fall to a level similar to that of the control group. Unal et al. 9 determined a significantly positive relationship between QTd and serum TSH levels in 80 female patients diagnosed with SH and a significant drop was found in both QT interval and QTd in patients treated with levothyroxine. In another study of 32 SH patients by Owecki et al., 25 QTc was found to be higher. Similarly in the current study, although the QTd and QTcd values were found to be increased in SH patients, no relationship was seen with TSH values. However, a significant positive correlation was determined between QTmax values and TSH and this showed that the serum TSH values could be the cause of ventricular repolarization anomaly.
The relationship between mortality and increased Tp-e interval has been shown in Brugada syndrome, long-QT syndrome, hypertrophic cardiomyopathy, and myocardial infarction in adult patients. [26] [27] [28] This relationship has not yet been proven in children. Gürdal et al. 19 showed that the Tp-e interval, Tp-e/QT ratio, and Tp-e/QTc ratio were increased in a sample of 28 adults with SH compared to a control group and this was correlated with TSH levels. That study by Gürdal et al. is the only one that has evaluated Tp-e in SH patients. Similarly in the current study, a significant correlation was determined between the Tp-e interval, Tp-e/QT ratio, and Tp-e/QTc ratio and serum TSH levels. The current study is the first to have evaluated these parameters in children with SH. Although the increase in these parameters in adults shows an increased risk of ventricular arrhythmia, there is a need for further studies to confirm these results in pediatric patients.
Although the TSH level necessary for the treatment of SH patients is debatable, it has been reported that the repolarization anomaly in SH patients could be corrected with L-thyroxine treatment and this is particularly evident in patients with TSH > 10mIU/L. 3, 8, 9 However, as there have been no studies evaluating the relationship between SH and repolarization anomaly in children, there is a need for much more research as it may not be valid to recommend this treatment for children.
In conclusion, we identified that there may be a significant increase in QTd, QTcd, Tp-e, Tp-e/QT ratio, and Tp-e/QTc ratio values in children with SH, similar to that seen in adults. Although the relationship of increased QTd, QTcd, and Tp-e in children, unlike in adults, has not yet been proven to be related to increased morbidity and mortality, for the determination of this relationship in pediatric patients, further longterm studies are required. According to the results of further studies, a conclusion could be reached as to the requirement of these patients for treatment with L-thyroxine. As a simple and inexpensive method, the use of 12-lead ECG for the measurements of QTd, QTcd, and
Tp-e can be considered necessary for the monitoring of children with SH and in the evaluation of the risk of cardiovascular disease.
